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Capsule Summary: 45 
Chinese immigrants living in Australia for longer have reduced innate immune function 46 
compared to their recently-arrived counterparts, which could be an underlying mechanism 47 
related to the increased allergic symptoms in developed countries.  48 
 49 
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To the editor  81 
In the past few decades, a dramatic increase in the prevalence of allergic disease in Western 82 
developed countries has led to a large disproportion in the prevalence of asthma and allergy 83 
between Western and Eastern countries1, 2. Australia and China have one of the highest and 84 
lowest rates of asthma and allergies respectively, as demonstrated in the International Study 85 
of Asthma and Allergies in Childhood3, 4. Immigrants who migrate from low-risk countries, 86 
to high-risk countries experience a gradual increase in allergic diseases to the same level as 87 
the local population5, 6. We hypothesised that there is a shift in the immune response related 88 
to asthma and allergy after immigrants adapt to the W stern environment, which might 89 
explain the West-East gradient in the incidence of asthma and allergic conditions between 90 
developed and developing countries.  91 
 92 
We recruited age-sex matched Chinese immigrants living in Western Australia for less than 93 
six months (newly-arrived, n = 22) or more than five years (long-term, n = 22) (see Table E1 94 
in the Online Repository). Skin prick, total and specific IgE tests to common allergens were 95 
measured (see Table E2 in the Online Repository). Long-term immigrants had higher allergic 96 
symptoms (itchy rash, eczema, hay fever) and sensitization to grass allergens, as well as 97 
higher BMI and blood pressure. Whole blood from each participant was added to TLR 98 
stimulation plates containing the following six TLR ligands: PAM3CSK4 (PAM; TLR-2/1), 99 
polyinosinic-polycytidylic acid (p:IC; TLR-3), lipopolysaccharide (LPS; TLR-4), resiquimod 100 
(R848; TLR-7/8), peptidoglycan (PGN; nucleotide-binding oligomerization domain-101 
containing protein 1/2 [NOD1/2) and muramyl dipeptide (MDP; NOD 2). The following 102 
cytokine levels were measured in the supernatant: ENA-78, GM-CSF, GRO-alpha, IFN-α, 103 
IFN-β, IFN-γ, IL-10, IL-12p40, IL-12p70, IL-18, IL-1α, IL-1β, IL-1RA, IL-23, IL-6, IL-8, 104 
IP-10, MCP-1, MCP-3, M-CSF, MIG, MIP-1β, and TNF-α.  105 
 106 
Cytokine responses to each of the six TLR stimulations provided 138 cytokine 107 
measurements. Overall, 93/138 (67·4%, 95% C.I 58.9-75 1) cytokine measurements had a 108 
mean level lower in long-term relative to newly-arrived immigrants. The overall number of 109 
cytokines lower in long-term relative to newly-arrived immigrants was significantly greater 110 














of mean cytokine measurements in long-term immigrants were lower for all TLR ligands, 112 
except for LPS.  113 
Blood stimulated with PAM, p:IC, R848, PGN, and MDP had a similar pattern with a greater 114 
proportion of cytokine levels lower in long-term than newly-arrived Chinese immigrants. 115 
Among the 115 cytokine measurements, there were 21 with a z-score difference of >0·2 116 
(either +ve or -ve) in cytokine concentration between the two groups (listed in Table 1), 117 
which were further investigated using principal component (PC) analysis. Six PCs were 118 
extracted with an eigenvalue >1 and the first two principal components cumulatively 119 
explained 52·8% of variation from these cytokines. PC1, which explained 35·1% variation 120 
was positively correlated with the following cytokines: IL-1β and MIG (stimulated with 121 
PGN), MIG (stimulated with p:IC), IL-1α and MIG (stimulated with PAM), and MIG 122 
(stimulated with MDP), having a correlation coefficient r-value > 0·7; and PC2 explained 123 
17·7% of variation and was correlated with MCP-1 (stimulated with MDP) with an  r-value > 124 
0·7. PC1 and PC2 clearly differentiated newly-arrived from long-term Chinese immigrants 125 
(p=0·001, see Figure E1 in the Online Repository). Newly-arrived immigrants had higher 126 
PC1 (p=0·023) and PC2 (p=0·009) scores compared with long-term immigrants and all 127 
cytokines that strongly correlated with either PC1 or PC2 were lower in long-term 128 
immigrants.  129 
 130 
There were five cytokines stimulated by LPS with a z-score difference of > 0·2 in long-term 131 
than newly-arrived immigrants (Table 1). One PC with an eigenvalue >1 was extracted and 132 
explained 67·9% of variation from the five cytokines and was positively correlated with GM-133 
CSF, IFN-α, IL-12p70 and M-CSF having a correlation coefficient r-value >0·7.  134 
Contrastingly, PC1 scores for LPS were higher in long-term than newly-arrived immigrants, 135 
approaching a significance of 0·071.   136 
 137 
From these 26 cytokines that had a >0·2 z-score diff rence in concentration between the 138 
newly-arrived and long-term immigrants, those with a statistically significant difference 139 
between the two groups are highlighted in bold in Table 1. 140 
 141 
The ligands were grouped as either viral (R848, pI:C), gram-positive bacterial (PGN) or 142 
gram-negative bacterial (LPS), and for cytokines that ad a z-score difference of >0·2 in 143 
concentration (Table 1), the PCs were extracted for each group. Figure 1B shows the PCs for 144 














long-term Chinese immigrants had lower scores in viral (R848, pI:C) and gram-positive 146 
(PGN) ligands and higher scores in gram-negative (LPS) ligand. In the viral group, two PCs 147 
with an eigenvalue >1 were extracted, explaining 67·7% of variation in the cytokines. The 148 
sum of the two PCs were lower in long-term Chinese immigrants, and approaching 149 
significance (p=0·062). For the gram-positive bacterial group, three PC factors with an 150 
eigenvalue >1 were extracted and explained 68·7% of variations of these cytokines. Long-151 
term immigrants had lower scores for all three PC factors, but only PC1 was significant 152 
(p=0·015). The sum of the three PCs were compared and the difference was significant 153 
between newly-arrived and long-term immigrants (p<0·001). For the gram-negative bacterial 154 
group, one PC explaining 67·9% of variation was obtained that was approaching significance 155 
(p=0·071), which was higher in long-term immigrants.  156 
 157 
Six TH1 pathway cytokines (IL-12p70, IFN-α, IFN-β, IFN-γ, IP-10, and IL-18) were selected 158 
for each ligand and three PCs with an eigenvalue >1 were extracted. All PC scores were 159 
lower in long-term immigrants, however only PC3 was significantly lower (p=0·044) (Figure 160 
1C). TH17 pathway cytokines included IL-6, IL-23, and IL-12p40 for each ligand. Three 161 
principal components with an eigenvalue >1 were extracted. Long-term immigrants had 162 
lower scores for all three PC factors. The sum of PC1, PC2 and PC3 was significantly 163 
different between newly-arrived and long-term immigrants for TH17 cytokines (p=0·031) 164 
(Figure 1C).  165 
 166 
This is the first study to examine innate immune response changes in immigrants after 167 
migration from a low-allergy risk (China) to a Westrn environment. Though residing in the 168 
Western environment for a longer period reduced the production of TLR cytokines, this 169 
reduction did not exist for the LPS pathway. Plausibly consistent with our findings, a 170 
comparison of LPS-stimulated cytokine production in two farming populations reported 171 
higher mean levels of cytokines in Hutterite children (industrialized faming, ‘West’) than 172 
Amish children (traditional farming, ‘East’)7. This suggests that the TLR-4 pathway may be 173 
differentially regulated from other TLR pathways interms of responses to Western 174 
environments and innate immune activation. One limitation of the study is the sample size.  175 
Only 22 subjects were investigated in each of the two groups. Therefore, the findings of the 176 














to allergic disease appears to parallel modifications in innate immune response following 178 
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FIGURE LEGENDS 232 
 233 
Figure 1. A, Number of mean cytokine measurements lower/higher in long-term compared to 234 
newly-arrived immigrants B, Individual and combined principal component (PC) score 235 
differences in newly-arrived and long-term immigrants in TLR ligands stratified as viral 236 
(R848, p:IC), gram-positive bacteria (PGN) and gram-negative bacteria (LPS) C, Individual 237 
and combined PC score differences in TH1 and TH17 cytokines in newly-arrived and long-238 
term immigrants. PC score differences between groups were measured using Man Whitney 239 













Table I. Cytokines with > 0.2 z-score difference between newly-arrived and long-term 
Chinese immigrants after stimulation with R848, PGN, p:IC, PAM, MDP and LPS. 
 
 
Ligand Cytokine Newly-arrived immigrants Long-term immigrants 
  n median 25% - 75% n median 25% - 75%  
R848 GM-CSF 22 42.9 42.9-407.3 18 175.8 42.9-504.6 
R848 GRO-alpha 22 151.7 135.8-164.3 18 132.5 112.6-168.6 
R848 IL-18 22 145.3 126.5-178.1 18 122.1 108.6-143.9 
PGN ENA-78 22 1711.8 1518.3-2355.0 22 1820.9 1278.8-1873.6 
PGN GM-CSF 22 365.2 349.2-549.3 22 412.5 351.7-614.4 
PGN IL-1β 22 50.2 28.7-128.8 22 46.5 23.8-68.3 
PGN IL-6 22 1279.7 695.4-2542.9 22 742.3 388.5-829.8 
PGN IL-8* 22 979.5 424.6-1374.6 22 518.9 313.5-793.8 
PGN IP-10 22 737.5 329.7-2777.4 22 470.1 304.3-783.8 
PGN MIG* 22 1674.4 1109.8-2259.1 22 1088.1 759.9-1674.3 
PGN TNF-α 22 447.2 409.6-504.8 22 414.0 381.2-443.0 
p: IC MIG 22 462.1 328.2-888.7 22 399.0 334.1-463.1 
PAM IL-10 22 41.7 36.2-73.8 22 50.1 33.5-74.8 
PAM IL-1α 22 63.3 53.9-93.4 22 59.3 23.3-71.4 
PAM MCP-1* 21 618.1 435.1-779.8 21 472.3 249.1-595.6 
PAM MIG 22 788.3 392.3-1323.8 22 501.3 242.8-808.4 
MDP IL-10 22 30.0 24.6-38.4 22 33.4 24.9-69.4 
MDP MCP-1 17 137.5 66.9-375.8 19 49.7 21.5-99.8 
MDP MIG 22 956.5 290.5-1552.2 22 449.1 269.7-867.9 
MDP MIP-1b* 22 1564.0 863.0-1752.6 22 887.5 566.7-1485.3 
MDP TNF-α 22 259.9 225.4-316.1 22 222.5 140.0-233.1 
LPS GM-CSF 21 42.9 42.9-388.2 22 171.8 42.9-512.1 
LPS GRO-alpha 21 106.5 56.4-122.3 21 115.4 93.5-135.4 
LPS IFN-α 22 27.0 23.0-29.0 22 28.9 25.3-33.0 
LPS IL-12p70 21 26.8 23.9-30.1 22 29.4 25.9-32.7 
LPS M-CSF 20 117.6 81.4-164.2 21 154.1 109.2-167.1 
*cytokines with a significant difference (p<0.05) between the two groups are indicated in 































Figure E1. Scatter plot showing principal component 1 and principal component 2 for the 21 

















Table E1. Demographics of Chinese immigrants 




























Age (years)  27.3 27.7 0.807 
Gender (male %)  36.4  36.4  - 
Time in Australia (months) 3.7  112.8  <0.001 
Height (cm) 162.8 162.6 0.875 
Weight (kg) 55.1 61.3 0.026 
BMI 20.7 23.0 0.020 
S.B.P (mmHg) 111.1 120.1 0.038 














Table E2. Allergic symptoms and skin-prick test results for the study population. 
 







Allergic Symptoms      
Itchy Rash   3, (13.6) 10, (45.5) 0.020 
Eczema   4, (18.2) 11, (50.0) 0.016 
Asthma Ever  1, (4.5) 2, (9.1) 0.576 
Asthma Diagnosed  0, (0.0) 2, (9.1) 0.162 
Dry Cough  4, (18.2) 7, (31.8) 0.329 
Hay Fever   4, (18.2) 12, (54.5) 0.008 
 Skin Prick Test (+ve)      
Aspergillus  0, (0.0) 3, (13.6) 0.083 
D.  pteronyssinus   6, (27.3) 7, (31.8) 0.771 
Cow’s milk   2, (9.1) 1, (4.5) 0.576 
D. farinae   8, (36.4) 6, (27.3) 0.576 
Alternaria alternata   3, (13.6) 4, (18.2) 0.715 
Mixed rye grass  3, (13.6) 11, (50.0) 0.017 
Mixed grass   0, (0.0) 12, (54.5) <0.001 
Egg white  1, (4.5) 1, (4.5) 1.000 
Cat pelt  2, (9.1) 4, (18.2) 0.427 
Dog dander  1, (4.5) 2, (9.1) 0.576 
Cockroach  4, (18.2) 2, (9.1) 0.427 
Total IgE (+ve)  5, (22.7) 6, (27.3) 0.747 
Specific IgE (+ve)     
D. pteronyssinus   4, (18.2) 5, (22.7) 0.747 
Dog dander   0, (0.0) 4, (18.2) 0.042 
Alternaria alternata   0, (0.0) 2, (9.1) 0.162 
Grass pollen mix   1, (4.5) 11, (50.0) <0.001 
Perennial rye grass   1, (4.5) 11, (50.0) <0.001 
*p-value from t-test between newly-arrived and long-term Chinese immigrants 
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